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/ ‘ 1. / Abstract ‘
~~ ,(

In preparation of an analog of human head and)neck,~’the ~~reports by R 0 G. Snyder and others were noted which~ tated
that initial position of the head and neck had a definite effect
upon resulting response. An Investigation was undertaken to
attempt to quantitate this effect,çis a part of a much larger
study underway for several years. ~>Thirteen human volunteer subjects5anging from the 5th to
the 97th percenti le in sitting height~were exposed to -Gx impact
acceleration at peak sled accelerations of 6G and lOG, Two
angles of the neck relative to chair and two angles of the head
relative to the neck for a total of four conditions were tested for
each subject for the 2 peak acceleration levels giving a total of
104 experiments. ~ Instrumentation consisted of 6 acceleromete rs
anJ two-axis rate gyro at the posterior spinous process of the
first thoracic vertebral body, 6 accelerometers at the mouth, iid
a two—axis rate gyro at the top of the head. Three—dimensional
photography from two orthogonally mounted onboard cameras
was used also.

—--\/ The input data at Tijalong witl))the differential effects of
~~~ initial head position relative to T 1 on the linear acceleration
C~~ 

at the origin of the head anatomical coordinate system and on .- 
-
~~~~ -~~~

the angular acceleration and angular velocity of the head c~4ll1~e ‘~pre~ented .alpnq, with th~ implicojions for modeling the response
L.iJ ~nO a statisticdl comparison. y

. .....J AN EXTENSIV E SERIES OF Army—Navy—Wayne State University
~~~ human volunteer impact acceleration experiments have been

conducted and reported in which the head and neck were
instrumented (1_5) .* Input accelerations were limited to the
— X direction of the seated, nominally upright subject and were

~~~~ Numbers in parentheses designate References at end of paper.
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fu rther Umited to peak sled acceleration of lOG. Although the
initial angular and Ii near position of the head and the first
thoracic vertebral body were approximately constant from run
to run and documented by photography no exact prepos tioning
procedure was used and no effort was made to analyze the effect
of initial angular position of the head and neck on the dynamic
response. From reports of other investigators and from modeling
the human dynamic response, t s expected that the initial
angular position of the head relative to the neck and the neck
re lative to the torso will have an effect on the measured dynamic
response of the human volunteer subjects (6, 7) . For the present
study, a series of 100 runs on 13 volunteer subjects was completed
to measure this effec t, using newly developed instrumentation
and photographic mounts at the new Navy Acce leration Labora-
tory in New Orleans .

Precision tracking of the head relative to the neck and
both relative to the seat during dynamic events requires the use
of coordinate systems. Coordinate systems based on x—ray
anthropometry were establ ished on the flrst thoracic vertebra
CT 1) and cm the head. Other coordinate systems used were
those for the sled, the laboratory , the cameras , and the
instrumentation . ~y use of the anatomical coordinate systems,
it was possible to establish with precision the location and
orientation of T i relative to the s’ed, the head relative to the
sled, and thus the head relative to T i and to the laboratory
reference coordinate system. This approach further permitted
establishment of the angles of head with respect to neck and
neck with respect to laboratory prior to imposition of acceleration .

High precision acce lerometer packages were mounted on
the human at T~, on the head and on the sled. Accelerations
measured by the human mounts were transformed into the anatomical
coordinate systems using the equations of rigid body mechanics,
thus permitti ng nomalizing of input and output data between subjects.
The head has been shown to act as a rigid body previously (5) .
I
~ 

itself is assumed to act as a rigid body, and therefore represents
input to the vertebral column of the head—neck system, independent
of restraint , except for that portion of the acceleration transmitted
by the soft flssues, which is estimated to be relatively small.

DEFINITIONS

The geometrical position and orientation of the T i mount
relative to T~ anatomical coordinate system and the mouth mount
re lative to the head anatomical coordinate system was measured
for each subject by adapting previously developed two—dimen-
sional x—ray anthropometry techniques (4, 5, 11) to a three
dimensional configuration. A lateral view and an anterior
view of the subject is taken while he is fixed relative to two
cassettes fixed at right angles to each other with a lateral and
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an anterior x—ra y tube fixed perpendicular to the cassettes . The
three—dimensional x—ray techniques were used for reduction of
the three dimensional sensor and photographic data.

The head and T~ anatomical coordinate systems have been
defined for this organization (11). For the head, the origin is
at the midpoint of the line connecting the left and right external
auditory meatus lead markers . The +X axis is defined by the origin
and themidpoint of the line connecting the infraorbital notch
lead markers . The +Z axis is in a cepholad direction normal to
the Frankford plane defined by the lead markers . The +Y is
toward the left ear normal to the X, Z plane which is considered
the mid—sagittal plane. For T i, the origin is at the center of the
anterior superior corner of T i. The +X axis is defined by a line
from a point midway between the superior posterior corner and
inferior posterior corner of the posterior spinous process of T i
to the Origin. The +Y axis is through the origin along a line
parallel to a line from a point at the articular facet of the right
transverse process, right first—rib articulation to the same point
on the left 9 The +Z axis is from the origin in the cephalad
direction perpendicular to the X, Y plane.

The bas c refe rence frame for the entire series of experiments
is fixed to the laboratory (12) . This is defined by first defining
a sled coordinate system in which the origin is a benchmark
permanently machined into the sled structure. The +X axis is
parallel but opposite in direction to the thrust vector of the
accelerator . The +Z axis s parallel to gravity and positive
upward and the +Y axis is such that the sled coordinate system
is a right—handed orthogonal coordinate system. The laboratory
coordinate system is coincident with the sled coordinate
system prior to sled motion and remains fixed relative to the
laboratory. All coc~rdinate systems used are right—handed where
the X, Y and Z axes are token in order.

The head angle is the angle between the head anatomical
+X axis and the laboratory +X axis (Fig. 1). In order to define
the neck ang le a line from the anterior superior corner of the
first thoracic vertebral body (Ti) to the head anatomical coordinate
system origin was constructed. Neck ang le is the angle between
ths  line and the laboratory -tZ axis (Fig. 1). Only the initial
condition values of these angles are presented.

All of the kinematic variables presented have been trans-
formed to the origin of the head and Ti anatomical coordinate
systems relative to the laboratory coordinate system. The zero
time displayed on the figures is 40 ms before first motion of the
sled as determined by an analysis of the sled acceleration data,

‘ which projects the rate of onset of acceleration bock to zero
acceleration.

Angular velocity (RM2OXS) is the component around theC +Y head anatomical coordinate system relative to the laboratory
coordinate system. In these -x impact acceleration experiments
there is no significant +X or +Z angular velocity.
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Fig. I - Illustration of the initial conditions of head angle and neck angle

Angular acceleration (QM2OXS) is the component around
the +Y head anatomical coordinate system relative to the laboratory
coordinate system. In these —x impoc~ acce leration experiments
there is no significant +X or +Z angular acceleration.

Resultant acceleration (AMXZOS) is the magnitude of the
acce leration at the head anatomical coordinate system origin
relative to the laboratory coordinate system origin computed
from the components along the X and Z axes of the laboratory
coordinate system. Under these —x impact acceleration experi-
ments the ? component of acceleration is insignificant .

Horizontal acceleration at Ti (ATXXOS) is the acceleration
component of the T 1 anatomical coordinate system origin relative
to the laboratory coordinate system along ifs X axis.

A ll units are in the meter , kilogram, seconds system with
the exception that G is also used to express acceleration and
centimeters are used to express certain anthropometric values .
The runs are identified by a number beginning with LX and the
subject by a number beginning with H.
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METHODS

EXPERIMENTAL DESIGN — Thirteen volunteer human subjects
were exposed to two controlled sled acceleration profi les in four
conditions of initial head and neck position. The total number
of runs required by this design is 104. One volunteer left the
program early, therefore, only 100 runs wer~~completed .

A twelve— inch (.3048 m) Bendix HyGe ’~’acce !erator was
used to accelerate a 1.2 meter by 3.7 meter rail mounted sled ,
of 1669 Kg mass . The accelerator stroke is limited to five
feet and the effective drag is about 0.20. The sled coasted
to a stop for the 6G runs within 13.7 meters and for the lOG
runs w ithin 35 meters on the 213 meter track . The long track
permitted imposition of the experimental acceleration pulse
at the beginning of the run with no interveni ng braking pulse
which would have confounded the telemetered physiological
response 0

The two acceleration profiles are illustrated in Fig. 2, The
first is characterized by peak acc~Ieration of 60 + 1 m/sec~ (6G) ,
rate of onset of 3800 + 500 m/sec” and duration o~ove 75% of the
peak of 119 +3rr i~, and the second 101 + lm/sec2 (lOG) ,
8000 ± 700 m/sec ” aid 113 + 1 ms, respectively. The subjects
were restrained by shoulder straps and lap belt with an inverted
vee in on upright seated position .

Four conditions of head and neck initial position are
defined. They are:

(a) Neck up, chin up (NUCU) Fig. 3
(b) Neck up, chin down (NUCD) Fig0 4
(c) Neck forward, chin up (NFCU) Fig. 5
(d) Neck forward, chin down (NFCD) Fig0 6

The experiments were confined to the -X direction of the
subject with the same seat as that previously used at Wayne
State Universi ty and a restraint system of the same geometry with
wider straps . From these previously reported runs the head and
neck response was demonstrated to be confined to the mid’ sagittal
plane of the man, which moved in the X , Z plane of the laboratory .
Therefore , only the mid—sag ittal plane data are presented and
analyzed. The volunteer subjects were young U. S . Navy active
duty enlisted males . The range of anthropometry is described by
the selected measures listed in Table 1(8 , 9).

EXPERIME NTAL MEASUREMENTS — The dynamic response
of each subject was measured using six piezoresistive acce lero-
meters mounted on a T shaped (T) plate at the mouth and six
acce lerometers mounted to a I plate over the T 1 posterior spinous
process . The standard geometry of the T plate is illustrated in
Fi g. 7, showing the position and orientation of the accelerometers
(10) . The oupuJ~of each accelerometer was hardwired to an
EM—Pacer ~tyjUJ hybrid computer , digitized at 2000 samples per
second and stored on magnetic disk in real time. The calibrat on
information is available in the computer memory prior to the
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Fig. 2 - Typical sled acceleration profiles (6 and lOG)

run and carried with the accelerometer data. Wi thin minutes
after each experiment the digital data are scaled, reconverted
to analogue form and plotted on a cathode ray tube for validation
by comparison with a scaled light beam oscitlogrophic plot of
the data independently generated at the time of the run. In
oddit on there was a two axis rate gyroscope mounted on the
head mount and one mounted on the T~ mount • The data from
these gyroscopes was used as an independent measurement of
two components of the angular velocity of the head and of the
neck.

Cinephotographic coverage of the event is provided by
two sled—mounted, pin—registered 16 mm five hundred frame per
second cameras, Mflhiken DBM 5D or DBM 55~ situated ortho
gonally to each other at about 1 meter from thj  subject. These
cameras are equipped with 12.5 mm Kinoptic ‘~ ‘ lenses at f4.
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Table 1 - Selected Anthropometric Data on 1 3 Volunteer Subjects from
C. Clauser and K. Kennedy (8). The Percentile Sitting Height is referenced
to the U. S. Naval Aviator Population (9)

PERCENTILE
SITTING SITTING

SUBJECT NO. AGE STATURE (cm) MASS (Kg) I-f EIGHT (cm) HEIGHT
H029 19 178.4 98.4 91 .6 45%
H032 21 174.6 73.9 92.0 50%
H033 20 176.4 93.9 96.4 93%

H034 20 174.0 83.9 90.6 33%

H035 22 184.4 88.9 98.4 97%
H037 20 181.7 71.7 95.0 84%
H038 20 164.9 60.3 87.0 05%

H039 20 172 ,5 73.0 93.0 63%
H04 1 20 182.0 77.6 90.2 27%
H042 21 177.1 74.8 92.3 53%
H043 21 178.0 64.4 95.5 87%
H044 19 175.8 66.2 93.2 64%
H045 19 175.4 73.9 93.4 66%

Each camera has a 140 degree shutter , and is equipped to print
ten digits of the time of day at time of shutter opening resolved
to 0.1 ms along the frame edge as wel l as serial IRIG B timing
alon9 the opposite edge. One-hundred foot rolls of Kodak 2479
RAR (9film are used.

Lighting is provided by four sled—mounted General Electric~~4582 lamps mounted in pairs at each of the camera sites. One
was mounted to the ri~~t of the subject with lens axis approximately
normal to the m d—sag ttal plane of the sublect. The other was
mounted in front of the subject. Photographic targets on the Ti
instrumentation mounts as well as the sled— mounted target
remained in the field of view of the lateral camera (Fig. 3 - 6).
Targets on the mouth instrumentation mount were in the field of
view of both cameras. The T i mount displacement in the mid—
sagHtol plane of the subject was measured relative to the sled
coordinate system. The mouth mount displacement can be measured
in three dimensions relative to the sled. However, for this analysis
it was assumed that all motion occurred in the mid—sagittal or X, Z
plane.

ANALYSIS

DETERMINATION OF INITIAL HEAD AND NECK ANGLES -
X-ray anthropometry provides the vector location of the instru
mentat ion origin as well as the transformation matrix from the
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Fig. 3 - Examp le of neck up, chin up (NUCU) initial condition
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F ig. 4 - Example of neck up, chin down (NUCU) initial condition
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I . • 
V

Iig. 5 - Example of neck forward, chin up (NFCU) initial condition

Fig. 6 - Example of neck forward, chin down (NFCD) initial condition
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instrumentat ion to the anatomical coordinate system. The photo
analysis program uses these anthropometric data together with the
fixed known location of photo targets in the instrumentation
coordinate system; fixed known location of the sled mounted
cameras in the sled coordinate system; the transformation matrix
between the camera coordinate systems and the sled coordinate
system; and the measurement obtained from the photographic data
of photo targets to establish the vector location of the head
anatomical origin displacement and the I~ origin relative to the
sled, which can then be related to the laboratory coordinate
system. This same program also establishes the orientation of the
head anatomical coordinate system and the T i anatomical
coordinate system relative to the laboratory system. The photo
data was automqtjcally digitized by a photo digitizing system
(PDS Series 200 -).

The photo data from 4 targets on the T 1 mount and 4 targets
on the mouth mount from the lateral camera only were used to
obtain the initial conditions by analyzing 15 frames, approxi-
mately 2 msec apart, prior to first motion of the sled to verify
that there was little head or neck motion prior to this condition.
The initial values are consistent with the position and orientation
data at about first motion.

The least square fit of initial conditions was obtained con-
sistent with the øhoto data and cor&stent w th  the constraint
that the anatomical origins were only allowed to be moved in the
laboratory X and Z directions and the rotation was only about
the laboratory Y axis. This constraint is consistent with the
established finding that motion of the head and neck was limited
to the mid—sag ittal plane.

The neck angle illustrated in Fig. I was calculated from the
coordinates of the head anatomical and T i anatomical origin
locations at first sled motion. The head angle shown also in Fig. 1
comes directly from the photo program. Only initial conditions
of head and neck an9le are presented in this report.

Tables 2 and 3 show the neck and head angle thus determined
for each subjec t for each condition for the 6G and lOG runs
respectively. Observation of the mean angles for each condition
in which the subject was asked to place himself show that on the
average over all subjects, the orientation was consistent with the
description for that condition. Chose inspection of the table
reveals that there is a large variation between subjects and that
there are some inconsistencies especially in head orientation
between the descriptor and the actual measured orientation.

Figures 8 and 9 show the initial values of neck angle and
heod angle for each subject for each condition for the 6G and
100 runs respectively. These figures illustrate the variation
between subjects as well as the approximate clusteri g obtained
for each condition, Of particular note is that the clustering for
the 6G and JOG runs is very simflar and that the chin down
position allows for a much more forward position of the neck . The
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Hg. 7 - 6 accelerometer system 3-2-1 configuration

data base encompasses a wide range of both neck and head angles,
which is important for regression analysis.

PROCESSING OF SENSOR DAT A - The linear accelerations
and the angular velocity and accelerations presented in this paper
were determined from a configuration of six accelerometers on
the mouth T plate and six acceleromete rs on the neck I plate .
The canonical configuration of these accelerometers are shown in
Figure 7. The selection of this configuration and Ds performance
during these experiments is presented by Becker and W illems (10) .The orientation, bias, and sensitivity of each accelerometer in
the configuration iS determined from data obtained by mounting
each I plate configuration on a rate table in six or more diffe rent
orientations , Subsequent to the run, the constants determined in
the calibration procedure ore employed to obtain scaled accelero-
meter data for each of the accelerometers in the configuration ( 10) .

This scaled accelerometer data together wi th the position
and orientation data of each accelerometer in the instrumentation
system, the transformation from the instrumentation to anatomical
system, the location of the instrument origin relative to anato-
mical origin, and the initial quaternions defining the initial
orientation of the anatomical system relative to the laboratory
fixed system allow for the determination of the following variables
as a function of time .

(a) Linear acceleration of the anatomical origin in
the laboratory fixed system.

(b) Velocity of the anatomical origin in the laboratory
fixed system.

(c) Displacement of the anatomical origin in the
laboratory fixed system.

(d) Angular acceleration in the anatomical system.
(e) Angular velocity in the anatomical system.
(f) Orientation of the anatom ical axes relative to

the laboratory fixed coordinate system.
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The algorithm for obtaining these parameters is described by
Becker and Willems (10). The variables selected for this analysis
are linear acceleration magnitude, angular velocity and
angular acceleration of the head anatomical coordinate system
and the linear acceleration of Ti anatomical coordinate system
along the laboratory X direction, defined above.

For a significant number of the runs there was a resonance
in the I plate at around 150 Hz which became quite pronounced
sometime after the peak angular velocity occurred . Spectral
ana lyses were done on a number of runs that did not have this
resonance phenomenon and it was determined that for the sled
acce leration levels used in this study there was no significant
power in linear and angular acceleration components beyond
80 Hz and that angular velocity had no significant power beyond
40 Hz 1 Di gital filters were designed that were flat out to a cutoff
frequency of 80 Hz and rolled off subsequent to this at 24 DB per
octave . This filter was used for all linear accelerations and
angular accelerations presented in this paper. Angular velocity
was filtered with a digital filter that had a cutoff frequency of
40 Hz and thereafter rolled off at 12 DB per octave . Io veri fy
that we were not altering our data in a significant way, we com-
pared the filtered data on runs where the resonance was absent
w ith the unfiltered data. No significant change in the shape or
the peak magnitudes were found. 1n this paper we are particu-
larly interested in the effect of initial orientation of the head
and neck on the peak values of critical variables ,

Representative plots of angular velocity (RM2OXS) , angular
acce leration (QM2OXS) , resultant acceleration (AMXZOS) ,
horizontal acceleration at T i (ATXXOS) and sled acceleration
are presented. Peak values of these variables and the initial
head and neck angles are used in the regression analysis. These
values were determined manually by examining plots of these
variables 0 The peak angular velocity and acceleration were
the first malor positive peak which was easi ly identified, For
all but the NFCD condition, this peak was also the largest in
absolute magnitude. The NFCD initial condition has a negative
peak preceeding the positive peak and often it was of greater
absolute magnitude than the positive peak. The resultant
acce leration invariably has two prominent positive peaks. The
first peak s usually the largest but not in all the runs0 The data
presented in this paper are for the first peak. The horizontal
acceleration at the T i origin is predominantly negative and has
two peaks . The data presented in this paper are for the first
peak which is almost invariably the largest. Tables 3 and 4
summarize the peak vdues obtained for each of the variables
for each condition and subject for the 6G and JOG runs
respectively.
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RESULTS

In Figure 10 through Figure 13, a typical lOG run from the
NtJCU initial condition is compared wi th a typical lOG run
from the NFCD initid condition. These two conditions represent
the extremes of the initial condition excursions examined in this
paper . Observation of the figure comparing angular velocities
shows a dramatic change in both shape of the profiles as well as
the peak values (Fig. 10) . The peak angular velocity from the
NFCD initial condition is less than 1/2 of that from the NUCU
initial condition. In addition for the NFCD condition, the first
positive peak is preceeded by a negative peak which for some
runs is larger than the positive peak . The positive peak of
NFCD lags that of NUCU by approximately 12 msec .

The NFCD is almost invariably characterized by a negative
rotation of the head (extension) followed by a positive rotation
(flexion) which distinguishes it from all other initial conditions
examined in this paper.

The comparison of angular acceleration between these
conditions is even more dramatic. The peak angular acceleration
from the NFCD Initial condition is approximately 1/3 of the
peak angular acceleration for the NUCU condition (Fig. 11).
In addition, we see that the angular acce~eration for the NFCD
condition is much less peaked than that for the NUCU condition.

in the extreme neck forward position obtained with the
NFCD condition we probably are seeing the head motion with
very little or no interaction between the head and the neck .
The head behaves as if it were responding to moments around
the efhctive hinge point of the head to the neck . This has
importont implications as to where the hinge point is in the
anatomy and what the model should be for other initial conditions
but the~;e arguments have not been quantified at the time of this
paper.

Comparison of the horizontal acceleration profiles at the
T 1 origin indicate about the same first peak values but the
subsequent oscillation or notch in the profile appears attenuated
in the NFCD condition relative to the NUCU condition. In a
qualitative sense, the attenuation of this notch is in evidence on
a mo~ority of runs in the NFCD condition. Since the angular
acceleration and angular velocity are also much attenuated for
this condition, it suggests that at least a part of’ this observed
notch characteristic might be due to head feedback on I

~
,

A compari’on of’ the resultant accelerations indicate a
much less dramatic change in shape between the two conditions
and a much less pronounced change in peak values.

The profiles for the NFCU and NUCD condition are not
shown si nce they are very similar in shape to the NUCU condition
d~ffering mainly in peak values.

A comparison of the peak values for all the cond tions for
each subject is shown for the 6G and JOG runs in Tables 4 and 5
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Fig. 10 - Comparison of angula r velocity for NUCU versus NFCD initia l
conditions (lOG peak sled acceleration)

respectively. Again, it is emphasized that the description for
condition only agrees in an average sense with the actual
measured angles. Observation of the averages for the 6G runs
and lOG runs indicate that with regard to angular velocity and
angular occel.ration the peak values from largest to smallest are
for conditions NUCU, NUCD, NFCU and NFCD respectively.
The order for resultant acceleration from largest to smallest is
consistent between the 60 and lOG runs and is NUCU, NFCD,
NUCD, and NFCU re~pectiveVy. The resultant acceleration for
NFCD, NUCD and NFCU however, do not differ by very much.
The order for the peak values of horizontal acceleration at the
T 1 origin for 100 is NFCU, NUCU, NUCD and NFCD whereas
for 60 NUCU Is the greatest and very little difference exists
between the other conditions.
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LX073 9 QM2OXS = ( + )  H00041 NFCD 10 0. 7895.8
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Fig. 11 - Comparison of angul4r accelerations for NUCU versus NFCD
in itia l conditions (lOG runs)

The data for all sub[ects for both 60 and 100 runs for
conditions NFCU, NUCD. and NUCU were pooled and a stepwise
regression program was used to determine if the data si gn ificantl y
regressed on neck and head angle. The NFCD condition was
excluded because as mentioned previousl y th , shape of angular
acceleration and angular veloc ty was si gnif icantl y different for
thIs condition.

The stepwise regression prog ram initiall y used all of the
indep endent variables in the r.grusion and then an F ratio
for each coefficient based on the marg inal distribution for that
coefficient was calculated . The minimum F ratio was then
compare d to a 5% si gnificance level th reshold and the vari able
was eliminated from the regression if this th reshold was not
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Fig. 12 - Comparison of horizontal acceleration at Ti origin for NUCU
versus NFCD initial conditions (lOG runs)

exceeded. The coefficients and the covariance matrix were
updated and the process repeated until the F ratio for each of the
remaining variables exceeded the 5% significance level .

The independent variables in the regression were as follows:
C Constant - dimension of dependent variable
P.S.A . = Magnitude peak sled acceleration - G’s
ON = Neck angle - degrees
eli = Head ang le - degrees
ATX = Magnitude of peak horizontal acceleration

at the T 1 ori gin — Os.  Note : Either
P • S . A • or ATX were used but not both
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The dependent variables were as follows:
Peak angular velocity - rad/sec

= Peak angular acceleration - rod/sec2
R = Peak resultant linear acceleration -

meters/sec2
A summary of the stepwise regression results are shown in

Table 6. The regression coeffici ent and the standard deviation
of the marginal distribution of each coefficient are shown . The
important thing to observe in this table is that increasing the neck
angle or increasing the head angle both result in a significant
decrease in peak angular velocity and angular acceleration. The
regression constant for head and neck angle are essentially the

— I ~~~- _ 

—
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Table 6- Regression Constants (pooled 6 and lOG runs for condition
NFCU, NUCD, and NUCU)

DEPENDENT IN ~PEN0IN ‘(~±~l~~j S _______ 510. DEVIATION OF
NECK READ

/A RIABL E CONSTANT P.S. A . ATX ANGLE ANGLE DEPEND. VARIABL E
— 2 .53 — .111 — • 152 

—--. - 2 .90
- •0718 .0200 .0315

— 241.0 135.0 
— 

-7.04 —5 . 43

•  —- .——— ——— - 224.4
111.9 12.39 1.66 2.46

- 53.2 22 .42 
— 

-

ft ~~~~~ ______ 

26.4

9,46 N~ .793 - .108 - .136 
——— ————— 3.84

1.40 .0782 .0283 .0421

231.0 -43.9 -7.01 
—- 259 .1

93.8 5.23 1.90 -

— 9.02 - 
-

31.0

5.19 2 .36  -AIX - ..-.
. 2 .81

[ C1tGRES5. COEF .

L~~D DEVIATION

some whether peak sled acceleration or peak horizontal acceleration
at T 1 are used as independent variables. The peak resultant
acce leration does not regress on neck or head angle nor does the
peak horizontal acceleration at T 1. We also separated the 60 and
lOG runs and solved for the regression coefficients for neck angle
and head angle. Although there was an increased effect of both
of these parameters with an increase in peak sled acceleration
the difference was not significant at the 5% level.

The regression on peak sled acceleration of each of the three
initial conditions (NFCU, NUCD, NUCU) were compared. There
is no significant difference between the NFCU and NUCD con-
dition but the NUCU condition has a significantly higher value
for both peak angular velocity and angular acceleration than
either of the other conditions.

The effect of increasing the neck angle was expected from
our model studies as there is a decreased torque on head and
neck system. The decrease of angular acceleration and velocity
with increasing head angle is not consistent with our current
modeling effort and bears a much closer look.
CONCLUSI ONS

1. Increasing the neck angle reduces significantly the peak
angular velocity and angular acceleration when regressed on
peak sled acceleration, neck angle and head angle.
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2~ Increasing the head angle (chin down) significantl y
decreases the peak angular velocity and angular acceleration
when regressed on peak sled acceleration , neck angle and
head angle0

3. The horizontal acceleration at the T 1 origin regresses
on peak sled acceleration but not on neck or head angle.

4. The resultant acceleration at the head anatomical
Origin does not regress on neck or head angle.

5. If the peak magnitude of the T 1 horizontal acceleration
is substituted for peak sled acceleration as an independent
variable the regression constants for neck and head angle
remain about the same as with peak sled acceleration. However,
the regression of angular acceleration on head angle s not
significant at 5% level .

6. The effect of neck angle and head angle are both
greater at lOG than at 6G peak sled accelerations but the
difference is not significant at 5% level.

7. The ex’reme initial condition (NFCD) is significantly
different in shape than all the other initial conditions run. The
maximum positive peaks in angular velocity and angular acceleration
are preceeded by a negative peak that often excóeds the positive
peak in magnitude. However, whether one considers the positive
or negative peak the magnitude is severely reduced when compared
to the NUCU condition or for that matter when compared with
any other condition. It appears that for this condition one is
observing the head motion with l ittle or no head—neck interaction.
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